The increasing pressure on health care systems due to the growing expenditure of the elderly population pushed policy makers to consider new payment systems to contain future health care costs. The impact of prospective payments (PPS) on nursing home care is a crucial issue. We investigate this issue using a panel data set of 41 nursing homes in Southern Switzerland observed over a 12-years period from 1999 to 2010. To evaluate the impact of the recent policy change -from retrospective to prospective payment -on nursing home costs, we adopt two empirical approaches: i) we estimate a model using a …xed-e¤ects estimator (FE) with a time trend that is allowed to change after the policy reform; ii) we use a counterfactual approach (CF) following the idea of Horowitz (2007). The panel structure is taken into account by adjusting standard errors with the cluster robust estimator. The analysis shows that the new payment system led to a reduction in the rate of cost increase. Also, similar evidence is found by applying the counterfactual approach in which a …xed-e¤ects model is used to estimate costs for the years prior the reform, and the impact of the reform is calculated as the di¤erence between observed-and predicted costs in each year.
Population ageing is changing the age structure of the population of all western countries and challenging their long-term care systems. In Switzerland, the percentage of people over 64 during the 20th century rose from 5. 8% (1990) to 16.9% (2009) (Swiss federal Statistics, 2012) while the percentage of people aged 80 or over experienced the highest increase, from 0.5% to 4.8%. Accordingly, the demand of nursing home care is expected to increase raising the burden on public …nances since cantons grant …nancial resources in the form of subsidies.
To control future cost in ‡ation policymakers stepped recently to consider new payment systems. In the last 30 years high hopes have been pinned on the possibility to control expenditure by replacing Retrospective (RPS) with Prospective Payment Systems (PPS). Under PPS, a predetermined, …xed amount of resources is paid for a particular service. The rationale is that reimbursements based on ex-ante costs to provide a speci…c service prevent health care organizations from giving unnecessary care.
PPS were …rstly introduced in the US through the Social Security amendments of 1983 for the Medicare program of hospitals, and later on extended to the nursing home sector (1997) through the Balanced Budget Act. Similarly, many European countries have recently incorporated more incentivizing payment systems into their existing funding systems (Cylus and Irwin, 2010) . In Switzerland, an increasing number of cantons moved to PPS, both in the hospital and in the Nursing Home (NH) sectors. While for the hospital sector the Swiss parliament revised the insurance law to introduce a DRG system in all cantons, the provision of nursing home care is still determined at the cantonal level. In 2006, the cantonal authority in the Italian speaking part of Switzerland (Ticino) substituted the previously-in-force payment system based on the "recognized …nancial need"(RPS) with an ex-ante determined budget (PPS) . 1 The budget is obtained by multiplying regulated prices derived from the analytical accounting by service quantities. The main aim of the cantonal authority is to increase managerial autonomy, motivation, responsibility and, therefore, e¢ ciency in the nursing home sector moving from a system based on inputs control to one based on outputs The 1 Two other cantons recently introduced PPS in the nursing home care: Vallis and Geneva.
objective of this paper is to study the impact of the new payment system on the nursing homes costs controlling for the quality of the services provided.
The challenge of any policy evaluation analysis consists in constructing an appropriate counterfactual. For this purpose, panel data methods suitable for non experiemental data are considered (Blundell and Dias, 2000; 2009; Nichols, 2007) .
In addition, we provide the results of an analysis inspired by the counterfactual approach proposed by Horowitz (2007) applied to energy sector.
The remainder of the paper is organized as follows. Section 2 provides an overview of recent studies analyzing the impact of PPS on costs, quality and access to health care services. Section 3 describes the regulatory reform in more detail and proposes a simple model to infer the behavior of NHs under the old RPS and the new PPS. Data and descriptive statistics are provided in section 4.
In section 5, we discuss the identi…cation strategy for the policy change and de…ne the cost function and the econometric speci…cation. The results are presented in section 6. Section 7 concludes.
Previous research on the impact of PPS in nursing homes
A social experiment conducted in San Diego, U.S., on a sample of thirty-six proprietary NHs at the beginning of the 80s showed that NHs do respond to monetary incentives (Norton, 1992) . In particular, the study shows that an adequate payment system design can improve quality and keep costs under control. One year later, within the framework of the Clinton health care reform in the begin of the 90s, Ellis and McGuire (1993) suggest that the use of PPS should be preferred to demand-side incentives. The main argument in favor of supply-side cost sharing is that they do not force patients to bear greater risk of illness and monetary loss. However, the empirical evidence is not conclusive regarding the impact of PPS on costs, quality and access to NHs services. Most of the literature relies on studies conducted in the U.S. in the 80s and beginning of the 90s; when PPS were …rstly introduced. The …rst strand of studies focused mainly on the …nancial consequences of PPS by looking at changes in costs (e.g. Sexton et al., 1989; Ohsfeldt, Antel and Buchnan, 1991) . More recently, stronger attention has been devoted to the understanding of cost reduction achievements. Improved methods to control for changes in quality and to cope with the potential endogeneity of output and/or quality in cost functions have been proposed (Gertler and Waldman, 1992; Chen and Shea, 2002) . Also, direct assessment of the impact of PPS on quality (Konetzka et al., 2004; Konetzka et al., 2006) and access to nursing care (Coburn et al., 1993) have been carried out. Sexton et al. (1989) Third, only the percentage of room and board costs relative to the total variable costs decreased over time, suggesting that cost savings were not achieved through reductions in quality. Finally, they report a decrease in the percentage of Medicaid patients and interpret it as negative impact on the access to care for the most severe patients.
Some concerns about results obtained in the 90s are raised by Chen and Shea (2002) , who questioned the methodology used. In particular, they point at the inadequate measures of quality and output/quality endogeneity in cost functions.
To cope with the endogeneity issue, the authors construct instrumental variables for both output and quality, and investigate the impact of PPS on short-term operating costs. The analysis is performed on a one-year data set of di¤erent U.S. states grouped into three di¤erent payment systems. The authors show that after controlling for quality di¤erences, NHs with PPSs are no longer signi…cantly cheaper than facilities under a cost-based retrospective payment system.
More recently Zhang et al. (2008) Growing strand of literature investigates the impact of PPS and BBRA on quality aspects of nursing home care. Konetzka et al. (2004) use changes in professional sta¢ ng and the number of regulatory de…ciencies as proxies for quality.
Using data on U.S. NHs over the period 1996-2000, they investigate the impact of PPS on quality by applying a di¤erence-in-di¤erence approach and a negative binomial model respectively. As expected, PPS is found to signi…cantly reduce the professional sta¤. The negative impact of PPS is partially corrected by BBRA.
With respect to regulatory de…ciencies, only weak evidence is reported. Also, no di¤erences between for-pro…t and nonpro…t NHs are found. Finally, Konetzka et al. (2006) investigate the spillover e¤ects of introducing PPS in Medicare residents on quality for Medicaid patients. Since facilities cross-subsidize part of the costs of Medicaid residents with the higher margins of Medicare and high privatepay residents, the cuts in revenue due to the introduction of PPS may also have a¤ected quality also of long-stay residents. Using a quasi-experimental approach in four U.S. states over the priod 1995-2000, the authors show that PPS has an adverse e¤ect on urinary tract infections and pressure sores.
To conclude, the economic literature remains inconclusive as with respect to the impact of PPS. Also, it is worth pointing out that most of the studies mentioned are based on the U.S. data which is characterized by a high share of private, for-pro…t facilities and an increasing competitive environment (Konetzka, 2004) .
This may lead to di¤erent behavioral responses as compared to nonpro…t institutions. In particular, NHs may react di¤erently with respect to quality. In fact, the expected negative impact of cost reductions on quality may be partially o¤set by the need to maintain a high reputation in competing with other facilities.
3 Empirical analysis
Econometric strategy
In order to choose the most adequate model speci…cation, a series of tests were performed on the NH dataset. We adopt two approaches: a …xed e¤ect model (Approach 1 ) and the counterfactual approach inspired by the study of Horowitz (2007). The latter consist of measuring the impact of the new payment system as di¤erence between mean predicted and mean observed total costs (Approach 2 ).
Following the literature on forecasting with panel data (Baltagi, 2008) , we know that the FE predictor performs well in sample of comparative size and is close to the best, GLS predictor. Therefore, we estimate a FE model as speci…ed in eq. (3) for the year prior the introduction of PPS and use the coe¢ cients to predict the costs afterward. We estimate:
with the same cluster robust estimator as speci…ed above. Then, using the estimated coe¢ cients b T , we predict costs for each NH i in each year t.
and …nally compute the impact of the reform as costs di¤erence between mean observed costs and mean predicted costs (y it b y it ) in each year separately. Note that we allow for nonliner predictions. In this way, we can compute the impact of PPS in each year. Standard errors are corrected using the cluster robust estimator.
Model speci…cation
Our study builds on data extracted from annual reports delivered to the cantonal authority by all regulated NHs scattered in Canton Ticino, Switzerland. The initial data set contains 50 NHs observed over a 12-years period (1999-2010) covering the 7-year period before and the 5-year period after implementation of global budgets. From this initial sample, we exclude few NHs in which a considerable share of the output (patient-days) is produced in foyers. Foyers are external residential apartments where the most « in-health » patients get nursing care. Therefore, the production process might di¤er a lot. Three NHs show unreasonable values for some variables of interest and are therefore dropped. 2 Finally, we exlcude from the analysis the four NHs selected for the pilot phase. First, because the pilot phase was mainly intended to set down the rules of the new payment system and understand its functioning. The new payment system was introduced stepwise and adjusted over time. Therefore, it is not possible to consider these observations as « control group » , besides from the fact that they would result in too few observations. 3 Second, these NHs were not randomly selected from the sample.
We speci…y a cost model where the NH transforms two inputs, capital and labor, into a single output, measured by the number of patient-days of nursing care. 4 The number of patient-days can be considered as exogenous because NHs are local monopolies and due to subsidized prices, the sector is characterized by excess demand.with occupancy rates around 100 per cent. Moreover, since the production process is highly homogenous among NHs, the number of resident-days is a good indicator of the level of production. The total costs function depends on output (Y ), the prices for capital and labor (P k and P l ), a time trend ( ), two output characteristics (Q 1 and Q 2 ) and a dummy variable (D) which takes value equal to 1 for the years following the introduction of PPS (i.e. for t 2006), and 0 otherwise. 5 C = f (Y; P k ; P l ; ; Q 1 ; Q 2 ; D).
2 services in form of private, for-pro…t institutions and then accepted to be subordinated to the cantonal regulation and get subsidized. Since this implies a change in the production process, values were not comparable 3 over a 3-years period resulting into 15 observations. 4 A similar approach is followed, for instance, by Farsi and Filippini (2004) . 5 In a non-competitive environment such as the Swiss one, there is no reason to assume that NHs minimize costs. In this case, the estimated costs function is a "behavioral cost function" (Evans, 1971 ) and can still be used to make a comparison among …rms. Moreover, by estimating a total costs function instead of a variable costs function we avoid the risk related to a possible high correlation between capital stock and output leading to a positive relationship between variable cost and capital stock (Filippini, 1996) .
The dummy variable D is included only in the speci…cation of the cost function of Approach 1. The price of labor is calculated as the weighted average wage of di¤erent professional categories employed in the NH (doctors, nurses, administrative and technical sta¤), while the price of capital is derived from the residual approach: labor costs are subtracted from total costs and the residual is divided by the capital stock approximated by the number of beds.
Additionally, we control for some output characteristics that may explain cost di¤erences across NHs. 6 Q 1 is an index which measures average patients assistance by means of normal daily activities such as eating, personal care or physiological activities. This is calculated on a yearly basis by the cantonal authority. Patients are classi…ed in one out of …ve categories according to their severity level. A value between 0 and 4 is assigned where higher values indicate more severe cases. Q 2 is the nursing sta¤ ratio, that is the ratio between the number of nurses employed in a NH and the number of nurses that should be employed according to the guidelines of the cantonal authority. Because nursing care is a labor-intensive service, the ratio can be considered as a good indicator of quality.(see for example Johnson-Pawlson & Infeld, 1996; Schnelle et al., 2004) . Labor costs represent the major cost voice of NHs and make about 85 per cent of total costs. Consequently, a small change in the nursing sta¤ ratio may a¤ect total cost considerably. The nursing sta¤ ratio is therefore a key variable in the present analysis since NHs with high costs may decide to decrease the proportion of workers to save money.
If this is the case, then the estimates would su¤er from endogeneity bias. We test 
and including it into our cost function, we get:
where X T it is the vector of explanatory variables as de…ned in (3 In order to impose as few restrictions as possible, we adopt a ‡exible translog functional form approximated at the median value. Input prices and total costs are divided by the capital price in order to satisfy the homogeneity condition in 7 We also perform a battery of speci…cation tests. First, we check whether the reform a¤ected other coe¢ cients by building interaction terms of each explanatory variable with the dummy D; but we do no …nd evidence. An alternative approach would consist of estimating two di¤erent models, one before the reform and one after the reform, and compare the coe¢ cients. However, this strategy would allow individual-e¤ects to be di¤erent between the two periods, which is not desirable. Second, we perform a stochastic frontier approach estimating di¤erent models such as the pooled frontier with Mundlak correction (Farsi, Filippini and Greene, 2005; Farsi, Filippini and Kuenzle; 2005) or the true random e¤ect model). The impact of the reform is analyzed in two ways: …rst, we introduce the dummy variable into the deterministic part of the frontier and second, we compare calculated mean ine¢ ciencies by means of the non parameteric Kruskal-Wallis test. In all the model speci…cations and independently on the approaches used, we …nd evidence that the payment system reduced total costs. input prices. 8 The translog approximation to eq.(3) is:
The concavity condition in input prices is checked after estimation.
Results
The regression analysis allow us to control for factors that may explain variation in costs over time not related to the change in the payment system. In this way it should be possible to disentagle the general increase in costs from the impact of the policy change. We present the estimated coe¢ cients of the restrictedand unrestricted FE models as speci…ed in (6) in Table ( 1). The number of observations (N ) and the model …t statistic R 2 within are also provided.
Since the …rst-order coe¢ cients are very similar in both speci…cations, we restrict the discussion of these coe¢ cients to the restricted FE model. The output coe¢ cient ( Y ) measures the total costs elasticity with respect to output. A value lower than 1 suggests the presence of unexploited economies of scale in the NH sector. In the present case, it indicates that an increase of 10% in the number of resident-days would increase total costs by about 8.75 per cent.
The parameter estimates of the output characteristics ( Q 1 , Q 2 ) show a positive, highly-signi…cant value meaning that total costs increase with the severity of patients and the quality of the service provided, i.e. the relative number of nurses assisting patients. These coe¢ cients can also be interpreted as elasticities with respect to total costs. The case-mix coe¢ cient (0.285) indicates that a 10% increase in patients severity increases costs by almost 3%. More important, a Notes: Signi…cance levels: * = 10%, ** = 5%, *** = 1%. 10% increase in the nursing sta¤ ratio leads to a total costs increase of 4%. The relative input prices coe¢ cient is positive and signi…cant, meaning that the costs function is monotonically increasing in the vector of input prices. This coe¢ cient provides infromation on the percentage of labor costs over total costs of a representative NH. The estimated share of labor costs is around 80%, which is very close to the actual sample mean (83%). Consequently, the share of capital costs is around 20%. of total costs. Before moving to the interpretation of the secondorder coe¢ cients, consider the time trend coe¢ cient. The estimated parameter is highly signi…cant and indicates that on average, each year the NH sector total costs increase by 1% due to the in ‡ationary costs.
Consider now the main coe¢ cients of interest: t ; d ; td . In the restricted FE model, the underlying assumption is that the new payment system a¤ected only the mean level of costs, but not its evolution. As you can see in Table ( Table 2 : Counterfactual analysis and con…dence intervals.
It is important to note that D gives the mean impact over the whole period considered after the policy change (2006) (2007) (2008) (2009) (2010) . Unfortunately, this identi…cation 9 By imposing linear predictions, the value of Z is assessed at -0.322, which is closer to the result obtained with the restricted FE model. Nonlinear predictions allow us to model the impact of PPS in a more ‡exible way. 
Conclusions
Long term care is under pressure due to the increasing expenditure for the elderly population. Prospective payments (PPS) may help to contain future costs in the nursing home sector. We investigated the impact of PPS in the form of global budget payment on the costs of providing nursing home care using a panel data set of 41 nursing homes from Southern Switzerland observed for a 12-years period from 1999 to 2010. The analysis showed that, after controlling for the nursing sta¤ ratio, the new payment system has an impact on both the intercept and the slope of the cost evolution. Consequently, we found evidence that the PPS led to a reduction in the rate of cost increase. Also, similar evidence is found by applying the counterfactual approach in which a …xed-e¤ects model is used to estimate costs for the years prior the reform, and the impact of the reform is calculated as the di¤erence between observed-and predicted costs in each year.
